TABLES
. For the NWS estimation, LBNL provides two options:
• National Only: NWS obtained with the national average inputs; and • NWS obtained as the sum of water savings from California, Florida and Texas, which are calculated based on state-specific inputs, and the rest of US which is estimated based on national average inputs. The difference between the obtained NWS illustrates the heterogeneous character of water saving resulted from the WaterSense program for WBIC, which is why the state-level analysis is included and meant to yield a more accurate NWS estimation. 
Definition

LBNL calculates annual NWS (NWS
Inputs to the Calculation
Characterization of the NWS calculation begins with the initial inputs to the spreadsheet model. The inputs for calculating NWS are:
• shipments (section 2.2.1);
• product stock (stock v ) (section 2.2.2);
• annual water savings per unit (UWS) (section 2.2.3); and • national annual water savings (AWS) (section 2.2.4).
Shipments
Shipments of irrigation controllers include both shipments to new residential construction and shipments to existing homes. Although the WaterSense-Outdoor program currently focuses on WBIC, tracked shipments of irrigation controllers also include timers and soil moisture sensors (SMS) to aid in understanding market impacts as well as to potentially include SMS in future updates to the model.
Where: Shipments = total shipments of irrigation controllers (timers, WBIC, and SMS); ShipNC = shipments to new construction; and ShipExist = shipments to existing homes.
Total shipments of irrigation controllers are based on EPA data for 2012 through 2015. For statelevel data, the national shipments are scaled by one of five scale factors:
• the state-specific number of landscaping service employees compared to the national value 2 ;
• the state-specific number of new building permits 3 compared to the national value;
• the number of new homes (built after 2000) with irrigation controllers in each of the three states 4 compared to the national value;
2 Data obtained from the U.S. Census Bureau's Economic Census of 2002 , 2007 , and 2012 for North American Industry Classification System (NAICS) code 56173. Although that NAICS code encompasses employees beyond irrigation installers, no greater specificity was available. The U.S. Census Bureau defines the landscaping industry as "(1) establishments primarily engaged in providing landscape care and maintenance services and/or installing trees, shrubs, plants, lawns, or gardens and (2) establishments primarily engaged in providing these services along with the design of landscape plans and/or the construction (i.e., installation) of walkways, retaining walls, decks, fences, ponds, and similar structures. 
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• the number of all homes with irrigation controllers in each of the three states compared to the national value 4 , or
• the number of new buildings in each of the three states 3 multiplied by the state-specific penetration of irrigation controllers 4 .
The shipments to the remainder of the nation are then the total shipments minus the number of state level shipments.
For years before 2012 and after 2015, national and state-level shipments trends were developed separately given the data limitations on which the scale factors are derived. The following are the corresponding three growth rate options for both the national level and the state level:
• the average growth rate based on annual number of paid employees in landscaping companies (Census 1998 (Census -2013 ); • the average annual new building permits growth rate; or • the average annual growth rate based on the number of new building permits multiplied by the penetration of irrigation controllers.
Note that the last option is adopted when one of three scalars is selected as the state shipments scalar (the proportion of new homes with irrigation controllers, the proportion of all homes with irrigation controllers, or the new building permits with penetration of irrigation controllers) since the controller installed rate in new homes should capture more accurately the growth of this market. 
Where: ShipRep = shipments to existing homes to replace failed controllers, and ShipAdd = shipments to existing homes that previously had no controllers.
Product Stock
The stock of irrigation controllers for any given year represents the sum of all the stock of stipulated vintages that continue to function. Stock also can be expressed as the product of shipments of given vintages and the percentage survival for each vintage.
,( , , , ,
Where: We developed the inputs to the survival function of units based on a variety of sources listed in Table 1 . Approximately half of the WBIC market is expected to have site-based sensors that may fail sooner than the controller itself. To account for this, LBNL estimated a median lifetime of seven years (10 years for the half of controllers without site-based sensors and three years for the half of controllers with site-based sensors). LBNL also estimated a minimum lifetime of three years and a maximum of 15 years. Figure 1 shows the probability of survival function used in our model. In future iterations of the model, the survival function could be disaggregated by controller type. 
Figure 1
Probability of Survival of WBIC
Annual Water Savings per Unit
The annual water savings per unit (UWS) expresses the volume of water associated with a given end use that is saved by a more efficient device during one year. UWS is calculated as the product of water use for a specific end use (in this case irrigation) multiplied by the percentage of water savings. It is assumed that only one controller serves each household; hence the end-use water consumption is equivalent to the per-unit consumption. UWS is calculated separately for the policy case and the base case.
Where: UWS = annual unit water savings (in gallons/year), EUWC_cont = end-use (i.e., irrigation) water consumption for homes having irrigation controllers (in gallons/day), and %Savings = percent of water savings from controller mix under base case or policy case.
End-Use Water Consumption
We initially determined a value for the end-use water consumption (EUWC) of outdoor irrigation water use for 2010, as described in Table 2 . For option 1, the estimated irrigation water use was for 2010, therefore values for years other than 2010 were scaled from the 2010 values using the ratio of the estimates shown in POOL N/A By setting the value for pools equal to zero, EUWC represents irrigation water consumption rather than outdoor water consumption.
EUWC represents consumption for the housing stock. We calculated EUWC for new construction separately from the EUWC for stock by taking the ratio of the model results using the calculations of home square footage, lot size, and sprinklers for new construction to the model results using those values for stock.
EUWC is used to determine annual water consumption in a frozen efficiency case (see section 2.2.4.). In order to determine annual water savings for irrigation controllers, we determined a separate EUWC value for irrigation controllers based on the REUWS finding that homes that have irrigation timers use 47 percent more water than those without timers (AWWARF 1999) .
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This calculation is described in the equations below and in Table 4 .
Where: EUWC_nocont = end-use (i.e., irrigation) water consumption for households without irrigation timers in gallons per household per day. 
Percent Savings
In order to calculate the annual water savings per irrigation controller (UWS), the EUWC for controllers is multiplied by the percent savings for the controller mix in the base case and the policy case. The percent savings for the controller mix is the sum product of the market share of each controller type and the percent water savings attributable to each controller type: The market share of each controller type is determined from the total shipments of controllers, based on the equation below with the inputs described in Table 5 . Values for percentages of timers, WBIC, and SMS differ by year and between the base case and policy case.
Shipments type = annual shipments of each type of controller. The portion of the market that is not WBIC or SMS.
The percent savings by type is based on research conducted by Williams et al. (2014) and summarized in Table 6 . The EUWC calculated for controllers is assumed to be based on the use of timers. Therefore, annual water savings for WBIC and SMS controllers refer to a baseline 14 water use with a timer. The value for percent savings remains constant throughout the analysis period. 
National Annual Water Savings
National annual water savings is the product of the annual water savings per unit and the number of units of each vintage. This calculation accounts for differences in unit water consumption from year to year. The equation for determining annual water savings is:
AWS is calculated separately for the base case and the policy case.
The model considers primarily water savings rather than water consumption, because it is not necessary to estimate the annual water consumption of all irrigation controllers in use to evaluate water savings from the program. The model, however, does estimate annual water consumption for irrigation in a frozen efficiency scenario, the base case, and the policy case.
Where: AWC_frz = annual water consumption in the frozen efficiency case (2010 penetration of WBIC and SMS), AWC_base = annual water consumption in the base case (without the WaterSense program), and AWC_WS = annual water consumption in the policy case (with the WaterSense program).
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NET PRESENT VALUE
LBNL calculates the NPV of the reduced water costs associated with the difference in water savings between the policy case and the base case.
Similar to NWS calculation, LBNL also provides two options to estimate the national NPV in order to illustrate the heterogeneous nature of the market:
• the "National Only" option uses the national average inputs for the estimation;
• the second option calculates national NPV as the sum of NPV for three states (California, Florida and Texas) and the NPV calculated for the rest of US.
Definition
The NPV is the value in the present of a time series of costs and savings. The NPV is described by the following equation.
= −
Where: PVS = present value of savings in water costs; and PVC = present value of increase in total installed cost (including costs for product and installation).
We are currently not accounting for the costs of purchasing and installing WBIC. Additional data would enable those costs to be added in future versions of the model.
LBNL determined the PVS according to:
= � × Where: WCS = total annual savings in operating cost each year summed over vintages of the product stock, stock v , and DF = discount factor.
LBNL calculated the total annual savings in operating costs by multiplying the number, or stock, of the product (by vintage) by its per-unit water cost savings (also by vintage). LBNL calculated a discount factor from the discount rate and the number of years between the present (the year to which the sum is being discounted) and the year in which the costs and savings occur. The NPV is the sum over time of the discounted net savings.
Inputs to the Calculation
The inputs to calculation of the NPV are:
• annual per-unit savings in water and wastewater cost,
• total annual water cost savings (WCS),
• discount factor (DF), and • present value of savings (PVS).
The total annual savings in water costs are equal to the change in annual water costs (difference between base case and policy case) per unit multiplied by the projected shipments.
Annual Water and Wastewater Savings per Unit
LBNL determined the per-unit annual savings in water costs by multiplying the per-unit annual savings in water consumption by the price of water and wastewater.
Equations for estimating the per-unit annual water consumption for the base case and the policy case were presented in section 2.2.4. To determine the monetary value of the gallons of water saved by the WS-O labeling program, LBNL used 2012 and 2014 data for water and wastewater prices collected through a survey performed by Raftelis Financial Consultants in conjunction with the American Water Works Association (Raftelis/AWWA 2015). The survey, which included approximately 315 water and 182 wastewater utilities, obtained prices separately for residential and nonresidential customers for each type of service. In both the water and wastewater surveys, the residential sector is divided into four subsectors based on the average monthly volume of water delivered (or the size of the meter).
The Raftelis/AWWA survey of water utilities includes the price each utility charges customers for using a given volume of water. The survey format is similar for wastewater utilities, except that price refers to the price charged for collecting and treating a given volume of wastewater.
A sample of approximately 315 utilities is insufficient to serve as the basis for developing a finer resolution of geographically based prices for all U.S. Census regions. Given the small sample, we calculated values at the level of major Census regions (Northeast, South, Midwest, and West). We followed three steps in calculating average prices per unit volume.
1. We calculated the price per unit for each surveyed utility by dividing the total cost by the volume delivered. 2. Next, we calculated an average price for each state by weighting each utility in a given state by the number of residential customers it serves. 3. Finally, we calculated an average for each Census region by combining the statelevel averages, weighting each value by the state's population. This third step helped reduce any bias in the sample caused by the relative under-sampling of large states.
For state-level calculations, the LBNL model provides two options for assigning water prices in selected states: either the water price for the state (i.e., excluding step 3 above) or for the state's Census region (West for California, South for Florida and Texas). Regional prices are associated with a larger sample size, as shown in Table 7 ; however, it is questionable whether the regional value accurately describes the state-specific prices. The best choice depends on the comparison of price variation inside the region and the price variation inside the state. If the price is homogeneous inside the state, then the small sample size would not influence the accuracy of the estimated price. Otherwise, it might be more appropriate to use the Census region prices. Table 8 shows the range, median, and standard deviation for the state and census region water prices collected in the Raftelis survey for 2014. Given the wider price variation in the Census regions, the state prices are more suitable to use. Table 8 presents the results of the three-step calculation outlined above. The table includes the relative weight we assigned to each Census region when developing the nationwide average, as well as the prices for the three states. To estimate the future trend for water and wastewater prices, we used data on the historic trend in the national water price index (U.S. city average) from 1970 to 2015 from the Bureau of Labor Statistics Water and Sewerage consumer price index (BLS 2015) . We extrapolated the future trend based on the linear growth from 1970 to 2015 and used the extrapolated trend to forecast prices through 2030. Insufficient data were available to develop a different trend for each of the three states.
Equipment Stock
The stock of controllers in any given year depends on annual shipments and the lifetime of the controllers. The WS-O model tracks the number of units shipped each year. The lifetime of a unit determines how many units shipped in previous years survive in any given year. LBNL assumes that products have an increasing probability of failing as they age. The probability of survival as a function of years since purchase is termed the survival function. That function was described in section 2.2.2.
Savings in Total Annual Water Cost
The savings in total annual water cost for the policy case are the product of the annual per-unit savings in water cost attributable to the policy and the number of units of each vintage. This method accounts for the year-to-year differences in annual savings in water costs. The equation for determining the total annual savings in water cost for the policy case was presented in section 3.1.
Discount Factor
LBNL multiplied monetary values in future years by a discount factor to determine their present values. The discount factor (DF) is described by the equation:
Where: r = discount rate, y = year of the monetary value, and y P = year in which the present value is being determined.
The WS-O model can be run using any discount rate. LBNL recommends using a three-percent and a seven-percent real discount rate, in accordance with the Office of Management and Budget's guidance to Federal agencies on the development of regulatory analysis, particularly section E therein, Identifying and Measuring Benefits and Costs. LBNL defined the present year 
Present Value of Savings
The present value of annual savings in water costs is the difference between the base case and the policy case discounted to the present and summed from the initiation of the program (2012) to any given year through 2030. Savings represent decreases in water costs associated with more WBIC equipment purchased under the policy case compared to the base case.
CONCLUSION
This report describes the approach LBNL developed to estimate impacts of the U.S. EPA's WaterSense labeling program for WBIC. By analyzing both national and state-specific inputs for three states, the water savings attributable to the program and the NPV of the lifetime water savings from more efficient irrigation controllers are evaluated and quantified. For the future iterations of the model, state-specific controller shipments data would increase the precision of the savings calculation and predictive capability of the model. It is worth noting that future data, including shipments and water price, can easily be incorporated into the model to provide up-todate water saving estimations.
